In this paper, we have investigated the anisotropic behaviour of the accelerating universe in Bianchi V space time in the frame work of General Relativity (GR). The matter field we have considered is of two non interacting fluids i.e. the usual string fluid and dark energy (DE) fluid. In order to represent the pressure anisotropy, the skewness parameters are introduced along three different spatial directions. To achieve a physically realistic solutions to the field equations, we have considered a scale factor, known as hybrid scale factor, which is generated by a time varying deceleration parameter. This simulates a cosmic transition from early deceleration to late time acceleration. It is observed that the string fluid dominates the universe at early deceleration phase but does not affect nature of cosmic dynamics substantially at late phase where as, the DE fluid dominates the universe in present time, which is in accordance with the observations results. Hence, we analysed here the role of two fluids in the transitional phases of universe with respect to time which depicts the reason behind the cosmic expansion and DE. The role of DE with variable equation of state parameter (EoS), skewness parameters also discussed along with physical and geometrical properties.
I. INTRODUCTION
There has been a continuous trial to extend our understanding regarding the dark driven late time cosmic expansion. The direct observations and evidences by the High-z supernovae search teams [1, 2] revealed that we live in an accelerated expanding universe. The present state of accelerated expansion of the universe was first indicated by Solheim [3] . Observing luminosity of several cluster of galaxies, it was indicated that the model giving the best fit to the data are with a non vanishing cosmological constant and negative deceleration parameter. Further, the claim has gained significant attention after the more recent discoveries of Supernova Ia [1, [4] [5] [6] , CMBR anisotropy [7, 8] , Large scale structure [9, 10] , Baryon Acoustic Oscillation (BAO) [11] , Weak lensing [12] . From these observations, it has been observed that the understanding on the present universe is flat geometrically. However, the most revolutionary and counter intuitive result from these observations is that 4.6% of the total energy budget is non-relativistic or baryonic matter and 24% non-baryonic matter, called the dark matter. The remaining 71.4% is an unknown form of exotic cosmic fluid with negative pressure, called DE. Despite the gravitational attraction of matter, DE provide a strong negative force leading to an anti gravity effect that drives the acceleration [13] [14] [15] [16] . Many theoretical and observational investigations have been carried out in order to know the real nature of DE. The main problem in the context is the fact that DE does not interact with baryonic matter and hence there is no way to detect this mysterious component. Also in GR, DE corresponds to an isotropic fluid with negative pressure and constant energy density .
From different observational results, cosmologists argued that cosmological constant Λ is the most acceptable candidate for the DE. The reason behind this argument is that during cosmic evolution, it has the constant energy density with negative pressure. However, this concept of DE can be invoked and had a checked history it often suffers "fine tuning" and "cosmic coincidence" puzzle [14] . Hence,the different forms of dynamically changing DE with an effective EoS parameter ω = p ρ , where p is the pressure and ρ is energy density of matter has been proposed in many literature. However, at present time, the exact value of DE equation of state parameter is still unknown. Our lack of knowledge allows us to suggest different candidates for DE. Besides the consideration of cosmological constant with ω = −1 (ΛCDM model), canonical scalar field models such as quintessence (− 2 3 ≤ ω ≤ − 1 3 ) [17, 18] , phantom field(ω < −1) [19] , k-essence [20, 21] , tychons [22] , quintom [23] and the interacting DE candidates chaplygin gas [24, 25] , holographic models [26] [27] [28] , brane world [29, 30] have been proposed as varieties of possible solutions of DE problem. In these models, a parametrized form of DE density is considered and basing upon the requirements the parametrized form turned to get viable models.
Recently current cosmological data from Supernovae 1a [6, 31] , cosmic microwave background radiation [11, 32] and large scale structures [33] divide line (ω −1) is mildly favored. Some alternate limits obtained from observational results [10, 34] are −1.67 < ω < −0.62 and −1.33 < ω < −0.79 respectively. As of now, we only know that DE is non clustering and spatially homogeneous; although its effect was small in early time, it dominates the present universe. Besides the issue of late time cosmic acceleration, the observed anisotropy in temperature power spectrum is another point of discussion in recent times. Though the universe is isotropic at large scale according to the prediction of Λ CDM model, it is expected to have small scale anisotropies in the universe supported by the observations of CMB radiation data from WMAP and Planck. These data shows some non trivial topology of the large scale geometry of the universe with an asymmetric expansion [35] [36] [37] [38] . From the theoretical arguments and experimental data, the existence of an anisotropic universe with anisotropic pressure has been confirmed, and which ultimately approaches to isotropic universe. Therefore, it is worthy to study the models of the universe with anisotropic background in the presence of DE.
Recently, Mishra et al. [39] have constructed anisotropic DE cosmological models in Bianchi type V space time in GR by considering different matter field. Pacif and Mishra [40] constructed the anisotropic DE cosmological model by constraining the Hubble parameter. Again, Mishra and Tripathy [41] suggested a cosmological model, where they have considered a variable deceleration parameter with a hybrid scale factor. This consideration simulates a cosmic transition from early deceleration to late time acceleration. Most of the models with constant deceleration parameter have been studied by considering perfect fluid or ordinary matter in the universe. But neither of those matter is enough to describe the dynamics of an accelerating universe. This motivates the researchers to consider the model of the accelerating universe filled with mixed fluid, i.e, some exotic matter such as the DE along with some usual matter or fluid such as cosmic string fluid. String cosmological model have generated a lot of research interests in recent times because of their roles in describing different interesting phenomena. During the phase transition in the early universe with spontaneous symmetry breaking, string arise as a random network of line-like defects. After the initiation of the general relativistic theory of string cloud cosmology by Letelier [42] and Stachel [43] , many researchers have investigated different aspects of the string cosmological models in the framework of GR showing the dominance of cosmic string fluid in early universe.
In the context of two fluid matter such as dark fluid matter along with usual ordinary matter (Baryonic matter), a number of literature has motivated the researchers to investigate different models in the back drop of GR relativity with different Bianchi forms. Akarsu and Kilinc [44, 45] have investigated the DE cosmological models in Bianchi I and Bianchi III space time with constant deceleration parameter. Yadav et al. [46] has presented locally rotationally symmetric Bianchi V universe with DE characterized by variable EoS parameter assuming constant deceleration parameter. Theoretical models of interacting and non interacting DE have been discussed widely in the literature [47] [48] [49] [50] [51] [52] . Tripathy et al. [53] investigated Bianchi V DE model with two non interacting fluids as matter field and found the pressure anisotropy which continues along with the cosmic expansion. Also they showed those models were mostly dominated by phantom behaviour. In this present work, we have constructed anisotropic DE model at the back ground of Bianchi V space time in GR and investigated the dynamics of the model considering two different non interacting fluids contributing to the matter field. The first one is usual cosmic string fluid and the second one is due to the DE. The outline of the paper is as follows; In section 2, we have set up the mathematical formulation of the problem along with its corresponding physical parameters. In section 3, the significance of hybrid scale factor has been analysed which mimic a cosmic transition. The physical and kinematical properties of the model has been discussed in section 4. In section 5, the results and summaries are discussed.
II. MATHEMATICAL FORMALISM OF THE MODEL
We have considered a spatially homogeneous and anisotropic Bianchi V space time in the form
where, the metric potentials A, B and C are functions of t only. α is non zero arbitrary constant. The energy momentum tensor for the given environment with two non interacting fluids is,
where T (cs) ij and T (de) ij respectively denote the contribution to energy momentum tensor from one dimensional cosmic string and DE. For cosmic string,the energy momentum tensor can be defined as
where
In a co moving coordinate system u i is the four velocity vector of the fluid. The pressure p for this fluid is taken to be isotropic, ρ as proper energy density for a cloud of strings and λ as string tension density. The energy momentum tensor for DE can be described as
where ω de is the equation of state parameter (EoS)for DE and ρ de is the DE density. The skewness parameters, the deviations from ω de on x, y and z axes are respectively represented as δ, γ and η . Now, the field equations for a two fluid i.e the cosmic string and DE with Bianchi type V space-time in the frame work of GR are obtained as
where an over dot is represented as the derivatives with respect to time t. Eqn. (9) yields A 2 = kBC. Suitably the integration constant absorbed into the metric potential B or C to yield A 2 = BC. In order to study the models, some physical parameters can be defined as : the cosmic spatial volume and the scalar expansion θ can be obtained respectively as V = R 3 = ABC and θ = 3H, where 
The energy conservation equation for the anisotropic fluid, T ij ;j = 0 can be defined aṡ 
We assume ρ = ξλ and p = ωρ in (12) . The constants, ξ and ω are state parameter variables which can be positive and negative and ω ∈ [−1, 1]. A positive ξ value indicates the presence of one dimensional string in cosmic fluid and a negative ξ value shows the strips of the string phase of the universe. Hence, we obtain
where ρ 0 is the integration constant or rest energy density. Subsequently, pressure and string density can be obtained as:
Now, eqn. (8) and eqn. (14) yields,
We can split (13) into two parts; one corresponds to the deviation of EoS parameter and other is deviation free part as:ρ
According to the eqn. Algebraic manipulation of equations (5) , (6), (7) and using λ from eqn. (16), the skewness parameters take the form,
where χ(m) = m − 1 m + 1 , represents the amount of difference from isotropic behaviour of the model.
and G(R) = 1
.
To get the model isotropic, χ(m) vanishes and consequently, the skewness parameters will retain only the string terms, because the anisotropic part vanished. Subsequently, the DE density ρ de and the EoS parameter ω de can be obtained as,
where, φ(m) = m 2 + 4m + 1 (m + 1) 2 . The functional F (R) and the DE density ρ de completely controlled the behaviour of skewness parameters and the functional χ(m) depends upon the exponent m. EoS parameter for DE is decided by the anisotropic nature of the model through this exponent m, the time dependence of mean Hubble parameter H, the hybrid scale factor R and the rest energy density ρ 0 . It is interesting to note that, the DE density and the DE EoS parameter depend on the usual cosmic string fluid too. In the absence of usual cosmic string fluid, the above eqns. (23) and (24) reduce to the earlier expressions of Ref. [39] .
III. HYBRID SCALE FACTOR AND COSMIC TRANSIT
Based on the recent outcomes on the present universe, the appropriate choice for the scale factor are the de Sitter solution and the power law expansion. The behaviour of both power law and exponential law of the scale factor lead to a constant deceleration parameter. However, the time dependence of the directional scale factor would be decided by specific choices of scale factors. In the present work, we have considered the specific scale factor, the hybrid scale factor which at late time results into a constant deceleration parameter. The hybrid scale factor has two factors in the form, R = e at t b , where a and b are positive constants. In this combined form of the scale factor one form is on exponential expansion and the other is on power law expansion. The cosmic dynamics is dominated by the power law (t b ) in the early phase, whereas it is dominated by the exponential factor (e at ) at late phase. However, eventually, the hybrid scale factor pulls itself away towards later phase of evolution in a more dominant fashion which may mimic the accelerated expansion of universe. When a = 0, the scale factor reduces to the power law and for b = 0, the exponential law recovered. So, a cosmic transition from early deceleration to late time acceleration can be obtained by a hybrid scale factor.
For this model, the Hubble parameter and the directional Hubble parameter can be obtained respectively as
Tripathy [54] has considered a general form of such parameter in the form H = a + b t n , n being a constant.
The deceleration parameter q = −R R 2 describes cosmic dynamics concerning the late time acceleration. A positive deceleration parameter indicates a decelerating universe, negative value describes a universe with acceleration expansion and a null value predicts a universe expanding with constant rate. Since most of observational data favour an accelerating universe, models with late time cosmic dynamics have got much focus in recent times. In this present work, we are interested in the kinematics of late time accelerating universe while the deceleration parameter is assumed to vary slowly or becoming a constant with cosmic time. According to type Ia Supernovae observations, the deceleration parameter for the accelerating universe in the present time is q = −0.81 ± 0.14 [58] . Type Ia Supernovae data in combination with BAO and CMB observations declare the deceleration parameter as q = −0.53
+0.17
−0.13 [59] . Eventually, the deceleration parameter becomes q = −1 + b (at + b) 2 . At an early phase of cosmic evolution when t −→ 0, q −1 + 1 b and at late phase of cosmic evolution with t −→ ∞, q −1. To find a transient universe with early deceleration and late acceleration, we constrain the parameter b to be in the range 0 < b < 1 so that at early time q can be positive whereas at late time q assumes a negative value in conformity with the recent observational data. We can infer from deceleration parameter evaluated here that, the cosmic transit occurs at a time
The negativity of the second term leads to a concept of negative time which may be unphysical in the context of Big Bang cosmology and therefore, the cosmic transit may have occurred at time t = √ b − b a , which again restricts b in the same range 0 < b < 1. The variation of deceleration parameter vs. time for the representing value of the constant a = 0.1 and b = 0.3 has been depicted in Fig. 1 which also shows that the transition occurs at t = 2.47. With this consideration of hybrid scale factor the directional scale factors can be expressed as
. Subsequently, eqns. (20) - (23) can be recasted as,
. The DE density and EoS parameter can be expressed as,
The density parameter of the cosmic string fluid Ω cs and the density parameter of DE fluid Ω de can be derived respectively as
and subsequently the total density parameter can be obtained as,
where, A = 2σ
is the anisotropy parameter of expansion. Here also we can see that for m = 1, the anisotropy parameter is zero, which further confirms the isotropic behaviour of the model.
IV. PHYSICAL PROPERTIES OF THE MODEL
From Fig. 2 , we observed that during cosmic evolution, the DE density (ρ de ) remains positive. Therefore, in the derived model, both weak energy condition (WEC) and null energy condition (NEC) are satisfied. Further, ρ de decreases with time and leads to a small positive values in present time. The value of DE density comes closer to zero at late phase (t ∈ [400, 500]) and then smoothly approaches to small positive value which indicates that the considered two fluid affects the DE density. Similarly, it can be shown the string energy density (ρ) will follow the same behaviour as of ρ de . Fig. 3 , depicts the variation of EoS parameters (ω de ) with cosmic time, as a representative case with appropriate choice of constants of integration and other physical parameters for accelerating phase of universe. The SN Ia data suggests the range value of EoS parameter as −1.67 < ω de < −0.62 where as the limit imposed by a combination of SN Ia data with CMB anisotropy and galaxy clustering statistics is in the range −1.33 < ω de < −0.79. Again Fig. 3 shows that ω de evolves in the range, which is in agreement with SN Ia and CMB observations. Also, the value of EoS parameter increases strictly in a range (t ∈ [5, 10] ), then decreases smoothly and remains constant in the preferred range. The behaviour of ω de is different from other discussed literature but the value lies in the same range as in the observational result. So, we can infer here that the considered two fluid matter affects the EoS parameter of the model.
To check whether our model is realistic or not, the energy densities of the fluid need to be worked out. For a large value of t, the density parameter approaches to a finite value as Ω de = 2 3
(m+1) 2 . Further, the parameter started decreasing at an initial value and subsequently increases from the representing value of the cosmic time t = 0.462 and remain constant at large t. In the case of string fluid, the density parameter Ω cs initially increases and started decreasing at a representing value of t = 0.478 and subsequently vanishes at infinite time. However, the total density parameter is found to be Ω T = 0.97, which also in accordance with the present observational data. Also, it has been observed that the string density parameter dominates for a small time period i.e. at t = 0.471 to t = 0.473 and beyond that the DE density parameter dominates further. The details are depicted in Fig. 4 . Fig. 5 shows that the evolution of skewness parameters with cosmic dynamics. In this figure, it can be noted that the behaviour of skewness parameters are totally controlled by the parameter m. For m = 1, the skewness parameters retain only the cosmic string nature giving an indication that the cosmic string matter affects the skewness parameters. We observed, at early cosmic phase η starts with a small positive value, decreases with the cosmic time to became minimum and then becomes constant with further increase in cosmic time. The skewness parameter γ also starts from a small negative value, attains maximum and becomes constant with respect to cosmic time. The evolutionary behaviour of δ is just the similar image of δ but it retains a negative constant value at late phase. It can be noted that the pressure anisotropy factors along x, y and z axis (η, δ, γ) evolves with different nature, attain their extreme in a definite range of cosmic time 1 < t < 2 and remain constant at later time. Hence we can infer that, the pressure anisotropies remain even at the late phase of cosmic evolution though in the early phase pressure was assumed to be isotropic. Also, it is interesting to note that, at the switching over cosmic time t = 0.02, all the skewness parameters vanish. , which is a measure of deviation from the isotropic expansion. If A = 0, the model is isotropic, otherwise anisotropic. In this case for m = 1, the model becomes isotropic. Moreover, the average anisotropic parameter of the model is time independent which gives the indication that the anisotropy in expansion rates is maintained throughout the cosmic evolution. The state finder diagnostic pair (r, s) provide an idea about the geometrical nature of the model and also through this the viability of the DE model can be tested. The pair can be obtained as r = and at the late time of cosmic evolution the value of state finder pair is (1, 0), which confirms that the model behaves like Λ CDM.
V. CONCLUSION
In the present work, we have constructed an anisotropic DE cosmological model in the framework of GR and Bianchi type V space time. In order to study the evolution of skewness parameters and the EoS parameters, we have developed the DE models in two fluid situations. The EoS parameter of DE evolves within the range predicted by the observations. In the present epoch, the DE dominates the universe. This may be attributed to the current accelerated expansion of the universe. The parameter m is responsible for the anisotropic behaviour and the matter behaviour of the model in the sense that, if m = 1, we get isotropic model where only string matter part exist and for m = 1, anisotropic and two fluid nature will be retained. In the present models,as expected, the matter energy density and DE density remains positive. Therefore, the energy conditions are satisfied, which in turn imply that the derived models are physically realistic. Moreover, it is showed that, there remain pressure anisotropies even at the late phase of cosmic evolution, though in the early phase pressure was assumed to be isotropic. Further the state finder pair is varying with time and decrease with the cosmic evolution in late time. Further the EoS of parameter changed with cosmic time and which indicates that during evolution there exists a relationship between the mean pressure of the cosmic fluid and energy density. The total density parameter Ω T , which quantifies the density of matter in the universe is found to be in the observational range −1 < Ω T < 1. In most part of the evolution, the DE density dominates the matter density; however for a small range of the cosmic time, the matter density dominates the DE density. So, we can conclude through the behaviour of the density parameter, that our model also mimics the cosmic acceleration in the early phase and also in late phase.
